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Correlative analysis of coal ash composition and ash fusion
LU Cai,ZHAO Junmei, RONG Lingkun,JIA Fengjun, WANG Xiong
(School of Mining and Coal Industry ,Inner Mongolia University of Science & Technology ,Baotou 014010, China)

Abstract: In order to study the influence of coal ash composition on ash fusion in Ordos, the effect of total acid, total alkalinity,acid—base
ratio ,melt index FI and coal ash content on ash fusion were analyzed. The regression equation of coal ash melting temperature was obtained
by combining the MATLAB simulation. The results show that with the increase of acid—base ratio, the melting temperature of coal ash grad-
ually increases, likewise , the melting temperature of coal ash increases significantly with the acid—base ratio over 3. 65. According to the
gray melting temperature regression formula,the minimum FI value of the melt index is 35. 67% ,and the prediction formula of the melt in-
dex could not reflect the trend of the FT. In gasification coal ,the ash melting temperature is determined by many kinds of minerals. When
the Si/Al ratio is less than 3 and the CaO content is less than 30% ,the coal ash has a lower melting temperature. When the content of CaO
exceeds 30% and the content of Fe,0, exceeds 20% , monomeric CaO and FeO are usually produced, while the monomer CaO and FeO
have higher melting temperature ,so that the melting temperature of coal ash also increases accordingly.
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Table 1 Coal quality analysis
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I R R YUBEEHT  HBEES  hhER K Bl i 2EY WY AL

M, 17.80  18.70 18.20 20. 20 13.20 19. 60 16. 30 20. 80 17.90 19. 90

A% M, 10.56  11.52 8.20 9.43 8.70 7.49 6.16 14.52 13.92 13. 56

Ay 12.23  12.34 6.24 6.33 7.47 5.97 16.91 12. 15 12.13 10. 09

Vo 35.95  38.34 36. 59 35.97 35.58 37.68 38.78 36. 46 36. 41 35.73

w(Hy,)/% 4.05 4.36 4.55 4.07 4.25 4.43 3.96 3.93 4.00 2.19

w(S, )/ % 0. 34 0.20 0.21 0.18 0.15 0.32 0.30 0.61 0.52 0.25

Queta’ (MI - kg™) 22,02 23.04 23.61 22.85 24. 60 23.34 20. 46 20.73 21.32 21.94

Sio, 53.45  49.46 45.06 45.76 52.48 48.93 45.24 48.90 48.50 47.98

AL, 0, 18.56  15.52 14. 84 15.78 23.91 17. 84 19.20 13.53 15. 86 18.90

Fe,0, 6.92 10. 68 14.16 12.12 5.47 15.20 11. 86 11.22 11.52 11.00

Ca0 9.22 9.86 11. 49 12.32 11. 62 9.73 14. 56 10. 55 11.28 10. 70

K&/ % MgO 1. 69 1.98 2.42 2.51 1.15 2.73 3.12 2.51 2.34 2.62

K,0 1.70 1.32 0. 80 0. 61 0.16 1.00 1.32 1.64 1.59 1. 44

Na, 0 0.45 0.53 0. 64 0.74 0. 34 1.04 0.42 0.81 0. 40 0.57

TiO, 1.00 0. 86 0. 82 0. 81 0.72 1.06 0.79 0. 86 0.76 0.97

S0, 3.70 4.31 5.93 5.71 4.89 2.62 3.56 6. 85 8.31 4.12

DT 1180 1110 1130 1120 1250 1100 1 190 1120 1140 1130

B ST 1210 1 140 1140 1140 1270 1120 1220 1130 1160 1150

PRI/ HT 1230 1190 1160 1180 1290 1150 1230 1160 1180 1180

FT 1250 1220 1170 1200 1 340 1180 1240 1200 1200 1200
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[m(Fe,0,) + m(Ca0) + m(MgO) + A, m (i) MEYI R, e,

m(K,0) + m(Na,0) ] (1) WEIRTRIRAE R IR 2
F2 BEREBWEHER
Table 2 Analyses of acid—base in coal ash
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G i/ % 73.01 65. 84 60. 72 62. 35 77.11 67. 83 65.23 63. 06 65.12 67.85
B % 19.98 24. 14 29. 51 28. 30 18.74 26.70 34.27 26.73 26. 81 26.33
TRk L 3.65 2.73 2.06 2.20 4. 11 2.54 1.90 2.36 2.43 2.57
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Fig. 3  Scatter plot and curve fitting of FI

B FLA A S(FD) A5 2 FT=1 218 °C , SE0
FT=1 220 °C, e 5 SCEAE2E 2 °C W 2 B Zhn
e, TR (4) AFF O ) 2k sR g, vl LA
H2Y FI=35. 67% B, f(FI) A t/ME 1 203 °C

M TG 5 2%, BG alg £ m e 40 X
JEIEIR PR ML 4y TR Y SO, , K% e 55 Ak 2 R T 4H
53 Si0, (AL O, , ik 2 iR M 41 43 72 S K 20 53 vh
FABER oI R 2 Rl s 0 32 A AR ISR i 5 s Rl i 450
WA FE ) B e, /MBS 35.67% ,
[HIHE FI<35. 67% B}, FT #ie FBEE FT A58 0 i s
AN ABSZBRAE PR G R B FT=35. 67% WG I, i
B FT S I 5 7000 =2 (8] (7% 22 8 PR, 445 il 48 %0
U2 3K T TR TR R 1) s Rk S T

SHE TR S Rl Ik B 1 ] 05 A A AT 7 — 3 25 T 48
FBRA T R TS A i AR B A R
SKAS KL, 382k 8 m By s 7] sl BEL s 7510 L R ke 72 e By
2, AT A B R R T S8 SR b

ﬁﬁm—m i
4 BETR B 53 X IR A R Y B

ST TR WY, B T RE R LE R4 R
TR AR K AR E R T RO R — A

JR A IS R |, 2R 3 R e e
KB KERIIEE . 24 1<Si/Al<3  CaO & H#/NT 30%
B, O K 1% 38 2 Ui B — AL, X & T Ca0 5
55 Si0, EHDE WS S BRI RERRER 24 CaO it
F30% B}, 2342 B CaO FAPR, B CaO K5 5580, TG
TR AR T

IR Z2 W L X BEJK B Fe, 0, 7 & — B 1E 20%
DI TESSR ST, Fe, 0, LA FeO FEBAELE, 5
HAMASBRA L, FeO 555 Si0, 259 FifE P AR
JE LR S AR K IR ZIRLE  Fe, O, & it
It 209% BF, i T A2 FeO BAAA 1T FeO AR —
Tl AR 0 O B , (R i R T v

MgO 75— METE 3% LAIN, 24 MO L Mg™* JE X
FFAERT IR RT3 22 | mT AR I i 07
K,0 5 Na,O 54 MO /b, il AL IA Rl B (0
SR K, O AN RRIA 1 — B A7, AT L
KB RAFAE, T LL K, O B AR Jas il T B 355 8 R W
E[ZI—ZZ] .

5 & it

1) HBEK PR A DL S R B L 5 FT 196 &
AL, SRS TR, BT 3G, 502 i TR M A by
H1Si0, (AL O, M I 1 500 °C 5 BA & 2 T,
FT SEREARG T, 1 B B S Ak s, %)
FRRYE AL L RN B 2 (HAR 4
£ Fe,0, ,CaO MgO [P s AT 1 500 °C, P
PR & il v, SRR IR Rl B T s

2) JRE Je Tl s BTN 2 X A T A B s i
B AR T A g 3 A R %R Sio, (ALO,
FRRRPEL J3 , H S PRz 7= v AR 3 B FI=35. 67%
T, 3 A FT S0 E -5 7000 Y 22 (BB B, 445 il
BN KIS BEAR U S Bt FT s 3

3) AT AR b, IR 2% 13 =2 1] e [ 4
TG AIREE , — AT, 24 Si/Al<3,Ca0 %
H/NT 30% B, 5K Rl B AIG, Fe, O, 7 B 7E
20% LA PN RE A 2] 3 AR P M O BE B9 AE . 24 CaO
Tt 30% LUK Fe,0, &t 20% W 3 5 2
A7 B CaO (FeO, TELIA CaO (FeO HA = HIHE
LR b T Sl A <k

S 3 HK ( References)

(1] SFia, JmaGE , b, 45 B8R 22307 BrU i B o bk & Tl
&S] AR 2017 (2) (8-11.
77



2018 455 2 A

www.chinacaj.net

-’/o %}%&*

$24 %

[10]

[11]

MA Kefu, QU Zhiguo, SUI Yan, et al. Analysis on coal quali-
ty characteristics and industrial applicability of raw coal from ordos
[J]. Coal Quality Technology,2017(2) :8-11.
REAR I, F KR, TR2R S5 AR AA X A T 2 5 W 114
WEFELI]. WoRHMEA:241 2016 ,44(9) :1043-1050.
CHENG Xianglong, WANG Yonggang, ZHANG Rong, et al. Effect
of low temperature eutectics on coal ash fusion temperatures[ J ]
Journal of Fuel Chemistry and Technology,2016,44 (9) 1043 -
1050.
BESR A R AR AL e B0 J Rl I S IR R TEE Y
FASCAESIHT )] bR 2007 (6) :10-13,19.
FAN Quangui,PAN Pan. The correlativity on shan chemistry com-
ponent melting temperature and coal ash melting temperature[ J].
Boiler Technology,2007(6) :10-13,19.
WBESE W B AT T3 A SRR AL BOARLE 3R = 4 i H BLAR
LR IERTSL)] AL THAR ST L ,2013,42(12) :31-34.
CHU Xiaoliang, MIAO Yang, FU Yuling, et al. Present situation
and development of air—bed gasification technology in Chinal J].
Chemical & Development of Technology,2013,42(12) ;31-34.
TR, 5K 2R IR Rl X S PR S e [0 ] B
A ,2009(4) :55-58.
WANG Yanliu, ZHANG Xiaohui. Effect of ash fusibility on gasif-
ying coal[ J]. Coal Quality Technology,2009(4) :55-58.
XUBRE, %7 R S BOR TR SR R NAT T [ ] o
516 T.,2017,40(3) :20-24.
LIU Shuo,ZHOU Anning, YANG Fusheng, et al. Study on predic-
tion of coal ash flow temperature[ J]. Coal and Chemical Industry,
2017,40(3) :20-24.
30, At B A2 M JE st BL2A R 2013 :83-87.
XSS WR5E. MDA AT TS [ 1], BT, 1995,23(2)
48-52.
RYO Y, MAKOTO N, HIROSHI M. Influence of ash composition
on heavy metal emissions in ash meltings process[ J]. Fuel 2002,
81(10) :1335-1340
§¥ GEEE XET, A5, IR LL (B B 68 5 X JE 0 448 i 0 3l
BERZNAABIFIEL 1], KAUL,2010,33(2) :107-111.
LI Ping, LTIANG Qinfeng, LIU Xia, et al. Study of effect on fusion
flow temperature of coal — ash by pH ratio and flux [ J].
Large Scale Nitrogenous Fertilizer Industry,2010,33(2):107 -
111.
SRF , ABMEAE. SRR AR50 X8 PG 95 I
Ei%ii,2016,35(5) :101-102.
GUAN Rui, QI Yaping. The influence of the coal ash composition

PRI R RRAE RS2 [T ] Bk

to thecoal ash melting characteristics[ J ]. Shaanxi Coal ,2016,35
(5):101-102.

[ YRR AT YR
BARB= & ,2014(5) :25-27.
ZHANG Lei.

AR BE SR B BRI [ ] R

Discussion on the relationship between coal
ash chemical composition and coal ash melting temperature[ J].
New Technologies and Products,2014(5) :25-27.

TR VTSR A R AR I I A3 Xk R A o A ) 5 i 3K

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

BEFE[J]. 5 ,2013,39(5) :80-84.

YUAN Baoquan, TAO Xiuxiang, JIANG Song. Research on the in-
fluence of coal ash fusibility by Fugu coal ash composition[ J].
China Coal ,2013,39(5) :80-84.
ThIRE, M, B0 IS X IR A
SEHTLI]. ThAUE 2014 (6) :58-61.

MA Lebo, YANG Lei, XIA Zhiwen. Multi —angle analysis of the

Pl PR R B9 25 £ TEE

influence of coal ash
[J]. M=sized Nitrogenous Fertilizer Progress,2014(6) :58-61.
XNGH. WEARBE DG Rl 5 R B A DG A BT [ 1] . T i 4

A,2015,21(5) :99-102.

compositionon ash melting property

LIU Jiali. Correlation analysis of ash fusibility and ash composi-
tion of Zhundong coal[ J]. Clean Coal Technology,2015,21(5) :
99-102.

SRIELL IRH, SKFH . PO RRARBAL B bR A FE ()],
HEH,2017 ,43(1) :94-98.

GUO Yanhong,FU Yu,ZHANG Kexin. Study of blending to re-
duce ash fusion temperayure of Shanxi coal [ J]. China Coal,
2017,43(1) :94-98.

T R, XI5 CaCO, X I ¢ 425 il 4 ik A 6 iR
FEPER M IBTTEL 1] i v L TR 41,2012, 32(20) 149
55.

YUAN Haiping, LIANG Qinfeng, LIU Haifeng, et al. Effects of
CaCOj; on the fusion characteristic and viscosity—temperature be-
haviour of coal ashes|[ J]. Proceedings of the CSEE,2012,32
(20) :49-55.

WA, WIS IR, AEL REG L X R
[J]. BEARBLEHR 2011,39(3) :112-115.
MENG Ying, DONG Zhongbin, LI Hanxu, et al. Influence of Si/Al

292 S eibE AL

ratio to thermal expansion of coal ash[ J]. Coal Science and Tech-
nology,2011,39(3) .112-115.
B SRERAR  XBE , A5, 5 5 i PR R M i B IR e P O
FELI]. BRRME241,2016,44 (7 ) :769-776.
HU Xiaofei, GUO Qinghua, LIU Xia, et al. Ash fusion and viscosi-
ty behavior of coal ash with high content of Fe and Ca[ J]. Journal
of Fuel Chemistry and Technology,2016,44(7) :769-776.
i, Eb i #. Mg™* il Na*™ X i 15 s BE SR A R PE R 52 [ )]

MRRHE 4] ,2012,40(10) :1161-1166.
GAO Feng,MA Yongjing. Study on the effect of Mg** and Na* on
the fusibility of coal ash with high ash fusion point[ J]. Journal of
Fuel Chemistry and Technology,2012,40(10) :1161-1166.

XA &, FRIELL, X A SR B 53 X A5 A7 Tl e ) 5 )
[J]. o4k ,2013,36 (1) :68-71.
LIU Yongjing, GUO Yanhong, LIU Shenghua. Influence of coal
ash content on the melting characteristics of coal ash[ J]. Coal
Conversion,2013,36(1) :68-71.
W, TR T, 55 WA S R KR R T
DIBSAIRFSE[ )], A2 T2 ,2012,40(10) :80-84.
YANG Xin,HUANG Jiejie ,ZHAO Jiantao, et al. Ash fusion tem-
ligniteblending high melting

perature prediction model of

point coal ash[ J]. Chemical Engineering,2012,40(10) ;80-84.





